Chicken growth hormone has been isolated from adenohypophysial tissue from which the glycoprotein hormones had been removed. The procedure entailed alkali extraction, ammonium sulphate precipitation and ion-exchange chromatography on DEAE-cellulose. The resulting fraction was homogeneous, active in the rat tibia bioassay and had a similar isoelectric point, molecular weight and amino acid composition to mammalian growth hormone. A specific homologous radioimmunoassay has been developed using the avian growth hormone.
INTRODUCTION
The existence of growth hormone in the chicken pituitary gland is well established (Nicoli «fe Licht, 1971) and recently the avian hormone has been purified and partially characterized (Papkoff & Hayashida, 1972; Farmer, Papkoff «fe Hayashida, 19.74) . However, there is a general paucity of information on the physiology of this hormone in birds, and in the domes¬ tic fowl in particular. This is largely due to the lack of simple and sensitive assay systems. The only exception to this has been an in-vitro study of the factors controlling the release of growth hormone from the chicken adenohypophysis. In this case growth hormone was estimated by the laborious technique of densitometry following separation of the hormone by polyacrylamide gel electrophoresis (Hall, Chadwick, Bolton & Scanes, 1975; Hall & Chadwick, 1976) .
The present communication describes the isolation of chicken growth hormone and the development of a specific homologous radioimmunoassay which will facilitate subsequent studies on the role of growth hormone in avian physiology.
MATERIALS AND METHODS

Purification
Chicken adenohypophyses were dissected from broiler fowl heads obtained from a local packing station (Ross (Poultry) Ltd, Thirsk, Yorkshire) . Following the extraction of the glycoproteins (fraction GTN) with 6% ammonium acetate, pH 5-1, in 40% ethanol (Stockell Hartree & Cunningham, 1969; ) the pituitary residue was fractionated for growth hormone by a modification of the method used by Farmer et al. (1974) . The residue was homogenized in ice-cold distilled water (10 ml/g) for 30 min and the pH was then adjusted to pH 9-0 with calcium hydroxide. The Disc electrophoresis on polyacrylamide gels at pH 8-9 (Davis, 1964) was used to follow the purification procedure. The gels were stained with naphthalene black and scanned using a Vitatron MPS (Fisons). Estimates of growth hormone concentration were made after deter¬ mination of the density of the growth hormone band (RF 0-3) (Nicoli «fe Licht, 1971 ) and subsequently by immunoassay. The homogeneity of the final preparation was examined by polyacrylamide gel electrophoresis at both pH 8-9 and 4-3 and in sodium dodecyl sulphate (Weber & Osborn, 1969) (Greenspan, Kriss, Moses & Lew, 1956; Breneman, Zeller & Creek, 1962; Follett & Farner, 1966) . Further tests for contamina¬ tion of the preparation were made using specific homologous radioimmunoassays for lutein¬ izing hormone (LH) (Follett, Scanes «fe Cunningham, 1972) , follicle-stimulating hormone (FSH) (Godden, Scanes «fe Sharp, 1975) and prolactin (Scanes, Chadwick & Bolton, 1976) . Radioimmunoassay Antisera were raised against the purified hormone (fraction B-DE1) in rabbits. The protein (91 µg in 3 ml of a 1:2 emulsion of saline and Freund's complete adjuvant) was injected into multiple subcutaneous, intradermal and intramuscular sites with a booster administration 3 months later. The rabbits were bled from the marginal ear vein 6 weeks after the initial injection and thereafter every 2 weeks. Antisera were tested for their ability to bind labelled antigen.
Chicken growth hormone was iodinated by a slight modification of the lactoperoxidase method employed for rabbit growth hormone (Mclntyre, Odell «fe Reichert, 1974) . Briefly, the reaction mixture contained 5 µg hormone, 1 mCi [125I]iodine (Radiochemical Centre, Amersham) , 10/¿glactoperoxidase(0-35 units;Sigma),and 10/d 1-0 mM-hydrogenperoxide, and the reaction was terminated after 2 min by dilution with 0-5 ml 0-05 M-sodium phos¬ phate, pH 7-5. The percentage utilization of radioactive iodine and the specific activity of the iodinated hormone were determined following precipitation of the protein in an aliquot (10 /fl) of the reaction mixture (Sinha, Selby, Lewis & Vanderlaan, 1972) . Labelled growth hormone was isolated from free iodide and very high molecular weight proteins by gel filtration on a column (24x0-8 cm) of Sephadex G-100. The column buffer was 0-15 msodium chloride in 0-01 M-sodium phosphate, pH 7-5. The second of the three peaks of activity was retained to be used as tracer, and stored at 4°C diluted with an equal volume of radioimmunoassay diluent (0-04 M-sodium phosphate, 0-15 M-sodium chloride, 0-1 % sodium azide, 0-01 M-ethylenediaminetetra-acetic acid and 0-5 % ovalbumin, at pH 7-08).
Chicken growth hormone was measured using a double-antibody radioimmunoassay technique (Morgan «fe Lazarow, 1963) . The assay procedures used were basically similar to those detailed by Follett et al. (1972) (95% confidence limits 13-8-40-1)/ig equivalents NIH-LH-S16/mg; thyrotrophic potency 16-2 (8-0-33-0)/<g equivalents NIH-TSH-S6/mg; and less than 1 % immunoreactive LH, FSH and prolactin).
Radioimmunoassay Iodination
The utilization of iodine in the reaction was 62-1 ±2-8 (s.e.m.) % (n = 10) and the labelled hormone had a specific activity of 102-5 ±5-3 (n = 10) µ€\/µ%. A typical elution pattern consisting of three major peaks was obtained after subjection of the reaction mixture to gel filtration on Sephadex G-100 (Fig. 2) . The first peak (9-7+1-6 (n = 10) % of the counts) was aggregated and damaged hormone. This had good binding to antisera but the binding could not be inhibited by excess growth hormone and furthermore, it did not migrate when subjected to polyacrylamide gel electrophoresis at pH 8-9. The second peak (42-5 ±3-0 (n = 10) % of the counts) was strongly immunoreactive (61 % bound in the presence of excess antibody) and was used as the tracer. A single peak of activity (RF 0-3-0-35) was obtained when the tracer was subjected to polyacrylamide gel electrophoresis, corre¬ sponding to that obtained with unlabelled hormone. The third peak was unreactive free iodide which migrated with the ion front in polyacrylamide gel electrophoresis. As the immunoreactivity of the iodinated hormone declined very rapidly, it was used within 3 days of its preparation. Fig. 2 . Elution pattern after radio-iodination of avian growth hormone. The reaction mixture was subjected to gel-filtration chromatography on Sephadex G-100. The first minor peak is polymerized radioactive material; the second peak is iodinated growth hormone and the third peak is free iodide.
Antisera
All four rabbits produced antisera which bound iodinated growth hormone but only one had a titre sufficiently high for prolonged routine use. This was used at a final dilution of 1:24000 which gave a bound:free ratio (corrected for non-specific binding) of 0-71 ±0-03 (n = 16).
Assay
A typical standard curve using 40 pg to 10 ng chicken growth hormone (fraction B-DE1) is shown in Fig. 3 (1): 160-3 ng///g). No cross-reaction was observed with bovine and ovine growth hormones (NIH-GH-B17 and NIH-GH-S11; < l-5ng//¿g), human growth hormone (Organon Laboratories Ltd; < 1 ng|µg), porcine adrenocorticotrophic hormone (Organon Labora¬ tories; < 0-1 ng|µg), or ovine TSH (NIH-TSH-S6; < 0-1 ng///g). Pituitary homogenates from chicken, turkey, Japanese quail, goose, pigeon and fresh¬ water turtle (Chrysemys pietà) inhibited binding of tracer to antibody in a manner parallel to that of the standard (immunoreactive potencies; pg growth hormone/mg pituitary gland: chicken, 14-1; turkey 1-6; quail, 3-2; goose, 5-6; pigeon, 120; turtle, 1-6). Homo- Preliminary physiological studies The variation in the levels of immunoreactive plasma growth hormone in domestic fowl of different ages is shown in Table 2 . Relatively low levels were found in birds of up to 3 weeks of age, with the lowest levels being in 1-week-old birds. There would appear to be a peak of growth hormone at 5 weeks of age with relatively high levels at 6, 8 and 12 weeks. The levels in adult cockerels are not significantly different from those of laying hens, but both are lower than the levels in 1-day-old chicks. (Conde, Paladini, Santomé «fe Dellacha, 1973; Lewis, 1976) . The apparent heterogeneity of equine growth hormone was suggested to be due to partial deamination or to non-specific binding of the protein to the carrier ampholytes. An alternative explanation of this pattern upon iso-electric focusing is the presence of monomers with different amino terminal residues (Ellis, Lorenson, Grindeland «fe Callahan, 1972; Lorenson & Ellis, 1975) . The estimates of mole¬ cular weight and isoelectric point of our preparation were very similar to those reported for ovine growth hormone (Andrews, 1966; Papkoff & Li, 1958 (Hayashida, 1972; Hayashida, Farmer & Papkoff, 1975; Farmer, Papkoff & Hayashida, 1976) . Preliminary physiological studies indicate considerable changes in the levels of the hor¬ mone in the circulation during growth and maturation ( Table 2 ). The fall in plasma growth hormone within 1 week of hatch is similar to the pattern observed in newborn rats (Rieutort, 1974) . The subsequent increase in growth hormone during development is also similar to the rat (Dickerman, Dickerman & Meites, 1972; Strosser «fe Mialhe, 1975) although the low adult levels are more akin to man (Hunter & Greenwood, 1962 , 1964 
